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Metabolomics – the study of the small molecules produced 
by cells, biofluids, tissues or organisms – is relatively new 
compared with its genomic and proteomic counterparts, with 
the concept being proposed in 1999.1 Untargeted workflows are 
proving to be a powerful way to probe the inner workings of cells 
and tissues because of the close link between phenotype and 
metabolites in a sample as well as upstream proteomic, genomic 
and environmental factors.

Of the various uses of metabolomics, clinical applications are 
attracting the most attention. In that field, metabolomics holds 
particular promise for the discovery of biomarkers for disease 
diagnosis, understanding disease pathogenesis and progression, 
developing models for personalised therapeutic interventions, 
and understanding the effect of genetic modification or 
environmental variation.

The Challenge of Metabolomic Diversity
Over 200,000 metabolites have been found in the human body, 
with just over 80,000 of these originating endogenously.2 They 
fulfil a diverse array of cellular roles, including, for example, 
intermediates and products of energy production, the synthesis 
of biomolecules, and signalling. Metabolites typically encompass 
molecules with masses of 50–1000 Daltons, and include 
chemical classes as diverse as sugars, lipids, amino acids, fatty 
acids, phenols and alkaloids.

This diversity presents a challenge to the analyst: finding an 
analytical technique that can identify and (ideally) quantify this 
full range of molecules. One method is to focus on particular 
metabolites of interest, and although this targeted approach 
has value – for example in pharmacokinetic studies of drug 
metabolism, and in studies of the effect of therapeutics or 
genetic modifications on a specific enzyme – the full value of 
metabolomics is only really revealed from untargeted studies.

Partnering Separation and Compound Identification
This need for complete, preferably unbiased, datasets covering 
such a broad compound range has placed tight constraints upon 
the techniques that are suitable for metabolomics studies, 
with compound identification techniques based on mass 
spectrometry (MS) being favoured for their high sensitivity and 
broad applicability.3 However, a key problem with MS is that 

Metabolomics has expanded hugely in the last 10 years, 
as a result of the growing realisation of its value in driving 
advances in food and nutrition, agriculture, and especially 
healthcare. But with this has come the need to improve the 
ability of untargeted analytical methods to tackle the highly 
complex mixtures common in metabolomics. In this article, 
we examine this challenge, and look at the potential offered 
by the emerging technique of ion mobility spectrometry with 
mass spectrometry (IMS–MS).

The Potential of IMS–MS for Clinical Applications  
of Untargeted Metabolomics

distinguishing between compounds with the same nominal 
mass but different formulae (‘isobars’), or compounds of the same 
formula but different structure (‘isomers’), is often very difficult 
and highly resource-intensive. To achieve reliable identifications, 
it is therefore necessary to pair MS with a separation technique, 
where liquid chromatography and gas chromatography are both 
well-established for this task.

Liquid chromatography-mass spectrometry (LC–MS) can cover 
the full range of human metabolites, and has high selectivity 
and broad dynamic range.4 It is the most popular technique for 
metabolomics, currently accounting for about 80% of published 
studies. Gas chromatography-mass spectrometry (GC–MS) is 
less well-used, in part because it is only suitable for volatile 
metabolites with masses below about 650 Daltons, but it does 
have the benefit of much larger spectral libraries than LC–MS, 
making automated, untargeted analysis much easier.5 

The Emergence of Ion Mobility for Metabolomics
However, even advanced separations based on combining various 
innovative chromatographic and MS techniques have struggled 
to adequately resolve the complex mixtures that are a hallmark 
of metabolomics studies.

This is where techniques based on ion mobility spectrometry 
(IMS) are now showing promise. Although as a standalone 
technique it has been around for decades, the use of IMS for 
biological samples has only really increased since the first 
demonstration in the mid-1990s that coupling IMS with MS 
could allow protein conformations to be separated in the gas 
phase.6Then, the field expanded further after 2007, when 
the value of the newly-developed ‘travelling-wave’ IMS–MS 
configuration for biological applications was shown.7

Figure 1: The ‘trapped ion’ configuration of ion mobility spectrometry–mass 
spectrometry (TIMS–MS). Ions are trapped according to their mobility by the opposing 
forces of gas flow and electrical field, and are then sequentially released by a decrease 

of the electrical field (blue lines).
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Figure 2: Analysis of lipids from NIST SRM 1950 reference plasma using LC with trapped-ion IMS–MS. The main image shows the detection of 102 precursors based on m/z and 
mobility data. The inset shows two co-eluting isobaric lipids that were separated on the basis of their ion mobility.

The tandem technique of IMS–MS works by separating 
molecules both according to their mass-to-charge ratio (m/z) and 
by their reduced mobility in a neutral buffer gas under an applied 
electric field. The results can be used to calculate the collision 
cross-section (CCS) of an analyte, which is closely related to 
its three-dimensional structure.8 There are numerous IMS–MS 
configurations, of which the type based on ion confinement and 
selective release (the ‘trapped ion’ method, Figure 1) benefits 
from a high resolving power that is independent of the path 
length the ions must travel. In addition, the latest configurations 
from Bruker also have a duty cycle approaching 100%, and have 
been shown to be able to decrease analysis times, offering the 
potential for high-throughput analyses.9 

In untargeted metabolomics, the benefit of TIMS allows for 
the shortening of LC gradients by introducing the additional 
dimension of separation combined with the high duty cycle.  
Such a configuration is amenable to the broad range of 
analytes that can be separated in LC and has the additional 
capability of separating previously unresolvable isomers. 
Metabolite identification is also facilitated because it provides 
another ‘dimension’ of information to complement the existing 
metrics of retention time, m/z and fragmentation pattern.10 In 
addition, the CCS values generated by trapped-ion IMS–MS are 
highly reproducible,11 enabling easy cross-comparison against 
databases across different instruments and labs,12 and even 
the use of machine-learning tools to predict the CCS values 
of unstudied compounds.13

The Potential of Clinical Metabolomics
IMS–MS is used in labs worldwide, and although research into 
metabolomics applications is at an early stage, the technique 
promises to provide significant healthcare-relevant insights. 
Recent examples of IMS–MS-based approaches being used 
include its use to profile and quantify about 200 sterol lipids 
in the mouse brain,14 to increase the sample throughput 
for profiling of lipids (Figure 2),15 and to profile lipids in 
Caenorhabditis elegans.16

In addition, there is a possibility that in the future, 
metabolomics could be used in clinical settings. One 
area of study is using metabolomics to probe inter-organ 
communication. This is just one example, but the potential 
of TIMS–MS-based analysis is clear, and it is reasonable to 
predict that within 10 years, a much higher proportion of 
metabolomics research groups will be taking advantage of the 
added performance achievable using this analytical approach.

The Power of Progressing Technology
With modern analytical techniques, thousands of metabolites 
can now be quantitatively measured from minimal amounts of 
biological material. By performing global metabolite profiling, 
a deeper understanding of biological mechanisms is being 
obtained, which has the potential to shape our understanding 
of cell biology, physiology and medicine. 

Trapped ion mobility spectrometry-mass spectrometry 
(TIMS–MS) has emerged as a powerful technology to address 
these questions, thanks to its ability to resolve previously 
inseparable mixtures of isobaric and isomeric compounds, and – 
by providing collision cross-section (CCS) data – to enhance the 
identification of small molecules. As a result, it has particular 
promise for untargeted high-throughput metabolomics, and 
combined with automated sample preparation and injection, 
offers the possibility of improving clinical treatments based on 
the patient’s metabolic profile.
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